Introduction

Background
The change in atmospheric concentrations of greenhouse gases (GHGs), due to anthropogenic emissions, and the impacts on climate are issues that have risen up the societal agenda in recent decades. Although there are uncertainties associated with the science of climate change, the evidence suggests that we should act now to reduce GHG emissions as part of broader efforts to encourage sustainable development (Defra, 2005; Stern, 2006) . Some agreements are already in place to help tackle this issue. For example, the Kyoto Protocol (UN, 1998) has committed industrialised nations to a reduction in GHG emissions (in particular carbon dioxide (CO 2 )) of 5.2% below their 1990 levels during the first commitment period (the Quantified Emission Limitation or Reduction Commitments (QELRC)) between 2008 and 2012. The EU is required to collectively reduce GHG emissions by 8% and individual Member States have committed to further reductions.
In order to achieve these reductions it is essential that all industry sectors, and society as a whole, have the appropriate knowledge, tools and advice on how to reduce or mitigate GHG emissions. This includes agriculture, which is considered to contribute 8.6% emissions in the UK (DECC, 2012) , 9% in Europe (European Commission, 2009 ) and about a third of emissions globally (Solomon et al., 2007; Harvey and Pilgrim, 2010) , largely from nitrous oxide (N 2 O), methane (CH 4 ) and carbon dioxide (CO 2 ). There is scope to reduce agricultural emissions and there may also be potential to sequester carbon into the soil and vegetation, thus helping to reduce atmospheric concentrations of CO 2 . The figures for potential carbon sequestration are subject to significant uncertainties (Dawson and Smith, 2007; King et al., 2004; Ostle et al., 2009) and there is a finite capacity for sequestration, i.e. where the soil reaches equilibrium and no more carbon can be sequestered (Johnston, 2008) . However, the potential for sequestering carbon should not be overlooked because of these uncertainties and in many instances there are synergies with other environmental benefits, such as improved soil quality. This highlights an important issue in that the GHG emissions and carbon sequestration are only two issues out of many that need to be tackled by the agricultural industry. Agriculture is often referred to as being multi-functional (Renting et al., 2009; Van Huylenbroeck and Durand, 2003) with respect to the 'goods and services' it should provide. As well as producing food, fibre, oils and biomass to equitably meet the needs of an increasing global population, it must also function as a habitat for biodiversity, a buffer and filter for pollutants and satisfy the demands of society in terms of the landscape it creates and any environmental pollution or damage it causes. Consequently sustainable agriculture is about finding a balance between environmental, economic and social objectives, and not pursuing a single objective (e.g. climate change mitigation) in isolation from other objectives. Finding this balance is not easy as agricultural production systems are complex and dynamic. There are flows of materials and energy on and off farms and a change in one part of system can have consequences in another part. Consequently Life Cycle Thinking (Brentrup, et al., 2004 ) is required -sustainable solutions require holistic thinking. However, the scope for complexity is large, especially when consideration is given to the diversity of farming systems across the EU, activities on farms, the materials and energy they utilise and how this is interwoven with a range of habitats, biodiversity and environmental media. The potential environmental effects are numerous and can have a range of direct and indirect impacts, both positive and negative (Girardin et al., 2000; Petchey et al., 1995; Pretty et al., 2000 and 2005; Skinner et al., 1997; Watkiss, 2009; Withers and Lord, 2002 ).
Carbon calculators
The starting point for identifying opportunities for GHG mitigation is for a business to quantify GHG emissions and to identify their source. Carbon accounting (or carbon footprinting) techniques are often used for this purpose. This approach is historically associated with Life Cycle Assessment (LCA) and estimates the amount of GHG emissions produced during a defined time period expressed in carbon dioxide equivalents (CO 2 e) which, as well as carbon dioxide (CO 2 ), includes emissions of methane (CH 4 ) and nitrous oxide (N 2 O) (Smith et al., 2008) . Within LCA the net CO 2 e (the total GHG emissions minus carbon that sequestered or offset) is an LCA mid-point pressure indicator which can then be used to estimate Global Warming Potential (GWP) -an LCA impact category. Due to increasing use of this indicator, and the need to compare values across organisations and processes, two broadly similar standards are now publically available: PAS2050 (BSI, 2008) and the GHG Protocol Product Standard (WRI, 2011) . These seek to provide transparent and robust frameworks for measuring GHG emissions.
In recent years there have been many carbon calculators developed which conform to these standards. Currently, there are four main tools in common use that are suitable for European farming and which address both emissions and carbon sequestration. CPLAN (CPLAN, 2012) is available in a variety of versions, all are web-based, have low input data needs and the simplest version is free to use. CALM (CLA, 2012) has been developed by the Country Land and Business Association and is slightly more complex than CPLAN but very similar in that it is also free to use, web-based and has low data demands. CCaLC (CCaLC, 2011) and COOL (Hillier et al., 2011) are more comprehensive in the farming activities covered and both have been developed using MS Excel. This spreadsheet approach offers advantages and disadvantages. On the plus side many users will be familiar with Excel and its embedded facilities. However, the complexity of farming systems generally means that the spreadsheets are multi-layered, complicated, and, as a consequence, are cumbersome to use. Whilst COOL is specifically a farm based tool, CCaLC has been designed for supply chain analysis. The latter can, however, be used for farm enterprises by selecting just that process unit.
Other tools are also available but they tend to have a more limited application. For example, Carbon Friendly Food (CFF, 2010) promotes a calculator designed specifically for organic production, there is also one specifically for biofuel production (HGCA, 2006) and the Comet-VR tool focuses just on carbon sequestration (NRCS, 2007) . Similar tools are also beginning to emerge in other countries such as that developed by McPhee et al. (2010) which is aimed towards Australian land managers and another is now available in France (Solagro, 2012) which uses the spreadsheet approach.
These carbon accounting tools can be used in a number of ways to help manage GHG emissions. In their simplest role they can be used to raise awareness and to educate. However, just knowing the quantity of emissions is not particularly valuable unless action is taken to reduce them and so, to be useful, the tools must be able to identify where a pragmatic change in farm practices can lead to a cost-effective reduction in emissions. All of the tools mentioned here claim they can be used for identifying GHG mitigation options. In practice this is achieved by the end user exploring what-if scenarios and varying input parameters. Therefore the opportunities for identifying mitigation options will depend entirely on the range of farming activities included within the tool. For example, there is potential for livestock farmers to reduce GHG emissions via dietary manipulation (e.g. Tedeschi et al., 2003; McGuffey et al., 2001) . These opportunities can only be explored within the tool if appropriate data on livestock feeds are included. Similarly, unless cost information is included along with data on other environmental impacts these issues must also be explored independently. Therefore, in order to be useful in the wider context of sustainability, such tools must be capable of coping with the wide variety of site and business specific properties which can influence the quantities of GHGs lost (Hillier et al., 2011) and sound business decisions to be made.
The IMPACCT model
This paper reports on a model known as IMPACCT, which stands for 'Integrated Management oPtions for Agricultural Climate Change miTigation', that was developed for the European Commission as part of a broader study entitled "The climate change mitigation potential of an EU farm: towards a farm-based integrated assessment". Although the main focus of this model is on greenhouse gas emissions, carbon sequestration and associated mitigation options, it has also attempted to include information on economic and other environmental impacts in order to provide a more holistic and integrated perspective, tackling many of the issues outlined above. The model was designed for use on farms by farmers and their advisers, but it does have potentially wider applications and users include those formulating policy or those exploring supply chain impacts, who wish to explore potential issues and options at the farm level. This paper outlines the broad scientific approach taken to the development of the model, especially in relation to the pragmatic delivery of integrated mitigation options on farms, thus encompassing issues of scientific knowledge transfer as well as the science itself.
The description of the model is broken down into four sections:
1. The core database: Its design and structure 2. The data: The different types of information stored in the core database and how it was gathered and generated. 3. The calculation and assessment processes: The calculations and processes involved in assessing GHG emissions and identifying mitigation options 4. The IMPACCT software: The delivery vehicle for the model, including some examples of its application.
The core database: design and structure
At the heart of the model is a core database that contains details emissions of greenhouse gases, carbon sequestration, other environmental impacts and economic information. The database is structured using three main elements: Farm components are not just GHG emissions sources. Carbon sequestration, other impact data and GHG emissions are all stored against the child components. This parent-child structure allows data to be aggregated and presented in a simpler format when undertaking assessments. It also facilitates the allocation of emissions and other impacts to different enterprises on a farm, as this can be a common problem in multi-functional systems (Cederberg and Stadig, 2003) . Modifiers are split into Fixed and Variable modifiers. Fixed modifiers are those factors which are generally not within the control of the farm but which will determine differences in emissions, sequestration and other impacts, for example climate and soil type. Variable modifiers are those factors which are within the control of the farm, and consequently consist of practices and infrastructure that can be changed, for example livestock diet, types of machinery and fertiliser practices. As such variable modifiers also make up many of the mitigation options that are presented to the user as part of the assessment. There are currently 113 variable modifiers and 316 modifier classes, thus providing a range of potential mitigation options.
Modifiers
Activity data items
These are quantifiable pieces of information about the farm that are used to 'multiply' up emissions and other data retrieved from the core database (e.g. numbers of cattle or amount of fertiliser used), thus helping to identify the most significant emission sources of the farm. Some data items also have economic information attached to them, e.g. to indicate potential impacts on output, should the quantities be altered as part of a mitigation strategy.
The data
GHG emissions and carbon sequestration
Data on GHG emissions and carbon sequestration have been gathered from a broad range of sources (over 50 sources, all fully referenced within the core database) in order to populate the core database using the component-modifier structure described above. In many instances meta-modelling has also been undertaken in order to derive more responsive emission factors, i.e. those which change according to the situation of the farm and the practices adopted (the fixed and variable modifiers). For example, the IPCC (2006) methodology uses default values for calculating N 2 O emissions in the absence of national or regional data (Tier 1 approach) but recommends incorporation of national data if available (Tier 2 or 3 approach). The Tier 1 approach has been criticised for the over-estimation and under-estimation of soil N 2 O emissions depending on soil conditions (Dobbie and Smith, 2003) . Therefore, where relevant, meta-modelling with available decision support tools has been undertaken to derive practice responsive and more accurate emission factors. Table 1 lists the models that have been used to help populate the core database. 
Other environmental impacts
As described above, GHG emissions and carbon sequestration are not the only environmental issues associated with agricultural production. A review was undertaken as part of the work for the European Commission, to identify key environmental impacts, especially those related to practices which also impact upon greenhouse gas emissions. This review covered a range of issues including air quality, soil quality, water quality, biodiversity, stratospheric ozone depletion, resource use, waste and recycling, landscape and heritage and public safety and nuisance. A taxonomy based on environmental and socio-economic outcomes (Tzilivakis et al., 2009; Tzilivakis et al., 2011) was drawn upon within the model to provide a range of standard environmental impact categories. There are two levels to this taxonomy, desirable outcomes and outcome groups. There are 64 desirable outcomes (including reducing GHG emissions and increasing carbon sequestration) which are grouped together into 18 outcome groups. Half of these (see Table 2 ), that relate to environmental outcomes, form the impact category structure used in IMPACCT. Water quality * Quantified in IMPACCT A scoring system of +10 to -10 was used to reflect positive and negative environmental impacts. The scores are based on expert judgement and are used to reflect potential changes in impact, rather than reflect scale or magnitude of the impact. The model calculates a score for each 'other impact' associated with each potential GHG mitigation option for a farm. This 'other impact' score is then compared to the current (baseline) situation for the farm. The difference in the impact score is then reported alongside the GHG mitigation potential and consequently users can see if there is a net increase or decrease in any 'other impacts' and this determines synergies and trade-offs -thus providing an integrated perspective.
In theory it would be possible to quantify some of the impacts in the same way as GHG emissions, for example losses of nutrients or pesticides to ground and surface water. The same database structure could be applied to these issues. However, this would require significant work to implement (and was beyond the scope of the project) and would also require more computing power to run the model.
Data quality
The data used to populate the core database varies in quality with respect to the level evidence supporting it and the reliability of the source. This is inevitable as data on emissions, sequestration and other impacts does not all come from one source. It is important that end users of the model are aware of this variability in the quality of the data, so that it can be taken into account in any decisions being made. For example, if an option is presented that has high mitigation potential, but is expensive to implement, then it is important to know the quality of the evidence on which it is based. If the data quality is low, then this may not be satisfactory on which to base a high cost decision. To tackle this issue a 'quality barometer' (Lewis et al., 2003; Lewis et al., 2007) has been developed and is used within the model.
Each item of data in the core database has a corresponding field to hold a data quality score. This score ranges from 0 to 5, where 1 is low and 5 is high. The score is awarded using expert judgement and based on the quality of the evidence supporting the data as shown in Table 3 . For example, 5 would be well established data supported by numerous empirical studies, whereas 1 might be anecdotal information or single one off studies that have not been replicated. Other issues may also exist that can shift the data quality barometer score down.
For example if data is from a respected source (i.e. a quality score of 4 or 5) but there are doubts about the data set due to monitoring issues, for example, then the barometer score might be reduced further (i.e. to a 3 or 4). there is some documented evidence in peer reviewed scientific and/or best practice literature supporting the data; data has been generated using well recognised and accepted mathematical models (meta-modelling approach); whilst the data is high quality, it requires some conversion or adjustment before it can be used in the model.
or 3
there is limited documented evidence in support of the data; models used to generate the data are not widely used or recognised as having limitations; data source is not well known. 1 or 0 anecdotal evidence; expert judgement; unknown or unverified source.
Numerical data quality scores are not displayed to the end user. Instead a data quality graphic (see Figure 1 ) is used (similar to the signal strength indicator used on some mobile phones or wireless networks) to reflect the relative 'strength/quality' of the data. This helps reduce the amount of numerical data that are displayed within the assessment results, so that the user is not 'overloaded' with numbers, thus aiding interpretation of the results.
Figure 1: Data quality indicator graphics (high to low)
It should be noted that the data quality score is a reflection of the attributes of the source of the data and does not necessarily represent the uncertainty. Some aspects, such as carbon sequestration, are currently inherently uncertain (Dawson and Smith, 2007; King et al., 2004; Ostle et al., 2009 ) and a range of values can exist for certain parameters. This is not necessarily reflected in the data quality score. It will have been taken into account, but what should be done would be to include the range of data (e.g. from best to worse case) and store this within the core database and then allow the model to draw upon these figures to express a range within the end results.
Economic information
The database is designed to handle economic data using the same component-modifier structure as emissions and sequestration data. However, the economic data suffered with a number of problems which meant it could not be structured in this way. The problems included:
Economic data being more qualitative and scarce Data being highly situation unique Placing economic figures in context across the whole of the EU was problematic Prone to change (often in very short time frames), leading to updating issues As a consequence an alternative approach to storing and structuring economic information was developed. The approach involves scoring the relative annual and/or capital cost for each modifier class on a scale of 0 to 5. This score can then be used to highlight to end users when there may be significant capital costs involved with a mitigation option and/or what the change in annual cost might be. This score is also accompanied with economic information/statements to provide further information on the economics, for example the installation of a biogas/anaerobic digestion plant has the following statements attached to it:
Anaerobic digestion or biogas plants can be very expensive to construct (e.g. €200K -€2million depending on size). Grants are available in some countries to cover capital costs. Methane from biogas plants can be used a source of fuel on farms.
Some 'Activity data items' also have economic information attached to them, e.g. to indicate potential impacts on output, should the quantities be altered as part of a mitigation strategy. For example, reducing dairy cattle numbers may reduce emissions but could also reduce milk production, unless production efficiency is increased.
The calculation and assessment processes
The calculations within the model are relatively simple. In most instances a combination of modifiers (see Section 3.2) are used retrieve an emissions factor or impact score from the core database for a component. Table 4 shows a simple example for short-term fruit storage, based on data from CALU (2007) and Milà i Canals et al. (2007) . This data is then multiplied up by the relevant activity data entered by the user (in the example shown in Table 4 this would be tonnes of fruit stored). All emissions are calculated for the original greenhouse gas if an emission factor for a specific gas exists, if not then a tCO 2 e factor us used. Resulting emissions data for the whole farm are shown as tCO 2 e using GWP 100 equivalency factors (these can be set in the software settings, but by default are 25 for CH 4 and 298 for N 2 O). The user can 'drill down' to the details of individual gases on the report screen. All the underlying emission factors used in the model are available to be viewed, along with reference sources, in the toolbox section of the IMPACCT software. For carbon sequestration in the soil an additional calculation is undertaken to determine the number of years for which sequestration can occur before equilibrium is reached. In this instance the potential maximum carbon that can be stored for the given conditions, e.g. soil type and/or land use, is divided by the annual sequestration rate for the specific practice/component. This then determines the number of years for which sequestration can occur till equilibrium is reached. This is important as it not possible to endlessly sequester carbon into the ground, and a point will be reached where any additional carbon (e.g. applied as manure) may be lost to the atmosphere. One limitation of the calculation in the model is that ideally the current carbon stock in the soil should be taken into account when determining how many years sequestration potential there is (how much carbon may be added to the soil if a change in land use or land management within a given land use is undertaken). If the soil organic carbon (SOC) is already at, or close to, its maximum at equilibrium, then the quantity of C that may be added is limited and the number of years where accumulation may result due to a change in management will be lower. The model currently assumes the mean value for SOC for a given soil type and land use (Dyson et al., 2009) but it is acknowledged that it may be higher or lower depending on the previous management history of that particular land use. The exact SOC of a soil is difficult to predict without direct measurement.
Given the above structure and data, users can select farm components, the modifiers that apply to those components and then enter the necessary activity data for the calculations. The software then calculates the emissions, sequestration and other impacts for items selected and data entered by the user. The software automatically interrogates the database to determine what modifiers, i.e. alternative practices (for the components selected), would result in emissions reduction and calculates what the reduction would be and if there are any associated other impacts. The resulting potential mitigation options are then presented to the user, along with any potential other impacts and potential economic burdens or benefits -thus allowing the user to make a cost-benefit decision with respect to what mitigation options they could implement to help reduce greenhouse gas emissions.
The IMPACCT software
The IMPACCT software is the delivery vehicle for the model. It is prototype software developed using MS Visual Basic 6 for the user interface and MS Access for the core database. The software is installed and runs locally on users PC, with updates available from a web server. The software is currently freely and publicly available to download from the IMPACCT website (see http://www.herts.ac.uk/aeru/impacct/).
The farm assessment allows user to create descriptions of a farm, calculate the emissions and sequestration profile for that farm, identify potential mitigation options to reduce emissions and any associated other environmental or economic impacts, and allow the user to select and implement those options to observe what impact this has on their emissions profile. This process is illustrated below using case study farm.
The farm is in France with 138 dairy cattle, 73ha of barley, 50ha of oilseed rape, 14ha of triticale and 117ha of wheat. The user enters these details along with other details on the practices employed and quantities used and then the software can calculate the emissions profile for the farm and identify any potential mitigation options. The emission profile is summarised in Tables 5 and 6, and Table 7 shows a summary of the suggested mitigation options. Table 6 shows that the biggest source of emissions on this farm is from dairy cows (from enteric fermentation and slurry and manure storage), followed by the use of inorganic fertiliser on barley and oilseed rape (with consequent other impacts associated with these). Consequently the mitigation options (Table 7) with the greatest potential reductions focus on these components, namely the use of nitrification inhibitors, changing the dairy cow diet and the use of anaerobic digestion, and we can see there are consequent improvements to other impacts associated with these mitigation options. However, in the case of anaerobic digestion there are significant capital-costs involved, which may prevent this option being implemented.
There are however, a number of other options to consider (see Table 7 ) which offer lower mitigation potential, but may be relatively low cost or even economically beneficial, largely through improved energy efficiency and thus reduced fuel costs. In combination, these could be almost equivalent to one of the options at the top of Table 7 (i.e. 5-6% reduction). Table 6 also shows that the environmental features created on the farm (such as grass strips and hedgerows) are also contributing to carbon sequestration, but this is relatively small compared the total emissions and the annual rate of sequestration will only be maintained for approximately 24 years, at which point an equilibrium is reached (it should be noted that the data quality (DQ) is quite low for this calculation). 7.0. Discussion and conclusions
Carbon calculators in context
Agriculture alongside other industry sectors has a role to play to help reduce emissions and lower atmospheric concentrations of greenhouse gases. This needs to be achieved within the context of sustainable food production and consumption which encompasses economically viable farming and national and global food security. Therefore tools which help the industry, and those who regulate it, identify options to reduce emissions on a cost benefit basis are essential.
The need for a tool to calculate carbon emissions at the farm level is debateable. Simply knowing the amount of carbon may be interesting and may raise awareness, but it does not necessarily change or drive practices in more sustainable directions. What is perhaps more important is to understand how practices on the farm could be improved to reduce emissions with minimal financial or environmental cost (and preferably financial and environmental benefits) -this would be a more pragmatic tool. However, in the broader context of the supply chain, and taking a life cycle perspective, there can be demands to know the amount of carbon from production processes, including the farm level. For example, Pepsico UK undertook a carbon audit of each stage of the production process of their Walkers crisps product (IEMA, 2009) . In so doing, Pepsico UK discovered that 59% of the carbon footprint was outside of their direct control, with 42% being at the farm level. Therefore, as part of the plan to reduce the carbon footprint, they had to work with suppliers, including farmers, to find ways of lowering carbon emissions, and consequently Pepsico UK retained the carbon reduction label on the end product. Therefore the ability to calculate carbon emissions at the farm level can be important to support such processes.
There are strategic perspectives which are not captured within farm level carbon calculators. For example, the growing of biofuel crops on farms has the potential to displace fossil fuels and thus reduce net contributions to atmospheric GHGs. The use of biofuels on farms is a mitigation option within the IMPACCT software, but the commercial production of biofuels, and their displacement of fossil fuels used by society, is not captured within the model. This is a strategic issue, as the growing of biofuels has the potential to displace food production (Rathmann et al., 2010) , and consequently food production may shift to other places in the world where GHG emissions are higher. This is not something that can be easily captured in a farm level tool. However, there may be scope to benchmark the carbon emission of a farm in order to partly account for such issues. If it is possible to determine that a farms product has high or low emissions (per tonne) compared to similar products grown elsewhere, it may be possible to determine whether GHG emissions overall may increase or decrease if production ceased on that farm. For example, if a product has a relatively low carbon footprint, then displacement of production to farms with a higher footprint could increase emissions for that product overall, assuming there is no increase or decrease in demand for that commodity. Such decisions are strategic in nature and thus are for policy makers to pursue, although awareness of the wider impacts of the decisions we all make could be a positive driver.
The IMPACCT model and software has aimed to provide an integrated perspective to allow users to identify potential mitigation options and assess the various environmental and economic costs and benefits. This reflects the advances that have been made in recent years that have enabled a shift from problem quantification to solution identification, and the assessment of costs and benefits of potential mitigation options (Committee on Climate Change, 2010a&b; Franks and Hadingham, 2012; MacLeod et al., 2010) . Carbon calculators that only calculate emissions are useful, in that they quantify the key sources of emissions. However, these tools need to evolve and take a step into solution identification, and thus should be aiming to provide users with decision support on options and choices on how to reduce those emissions in the most cost effective way (Hockman and Carberry, 2011; McIntosh et al., 2011) .
Limitations of the IMPACCT model
The feedback from users across Europe (22 farms in 7 Member States) who have tested and used IMPACCT was generally positive and it was considered simple to use, with effective use of charts and icons to summarise data. The only negative feedback related to the number of options available to describe farming practices, which was considered to be too limited, so it was not possible to capture the detail of some farming systems. This highlights that the IMPACCT software is very much a prototype and as such it does have some limitations. These include:
Firstly, the underlying data within the core database is a 'first edition' and does not cover all farming enterprises and practice variations, so it could be improved and refined. Secondly, sequestration data are somewhat lacking compared to the amount of data on emissions due to the amount of data that is generally available and the uncertainty associated with sequestration processes, such as sequestration rates and carbon equilibriums. However, there is still scope to improve the sequestration data within the core database and how this is used within the IMPACCT software. Thirdly, the data and information on other environmental impacts and economics could both be improved. Additional environmental impacts could be added, and there is also potential to quantify these impacts in the same way as greenhouse gas emissions (this was beyond scope of this study). Economic data was particularly problematic, being scarce, highly qualitative and highly variable across Europe. The core database is designed to handle economic data in the same way as emissions, but due to data problems an alternative means of expressing economic impacts was developed. However, there is scope in the future to implement a more advanced economic assessment should the data improve. Fourthly, although the data quality score provides a good 'barometer' of the quality of the evidence that has been used as a basis for the calculations, it does not necessarily represent the uncertainty and variability. For example some aspects, such as carbon sequestration, are uncertain and a range of values can exist. This range will have been taken into account in the data quality score, but perhaps what should be done would be to express a range (e.g. from best to worse case) within the end results. Finally, the IMPACCT software interface is also very much a prototype and could be improved. The general functionality and simplicity of the interface has been praised by those who have used it and most have found it easy to use. However, some compromises were made to develop the software in a relatively short space of time. Additionally, the speed of the calculation and data processing routines are sometimes unacceptably slow, particularly when there are a lot of farm components and mitigation options, so this is something that would need to be addressed in any future developments.
Conclusions
Despite the limitations outlined above, it is considered that the IMPACCT software presents some useful concepts for carbon calculators for them to be advanced in the future. It focuses users towards those practices that likely to be most effective at reducing emissions and the cost-benefit of those practices with respect to any likely economic impacts and other environmental impacts. This could be further enhanced with links to additional information (such as websites or other models) to help users undertake a more detailed assessment of the implications implementing specific mitigation options on their farm. As such the tool could become a powerful means of providing targeted advice and guidance as part of a knowledge transfer programme. However, it is important that it is part of a broader knowledge transfer programme. An integrated suite of guidance, tools and advice is required delivered via different media in order to ensure that different end users can access the knowledge required to deliver sustainable farming and food.
